In the smooth muscle of the rabbit uterus one type of myofilament can be found; this is about 50 A thick.
studies that there is only one type of myofilament in rat and mouse uterus. This observation has been confirmed in the present work, by the use of techniques very similar to those by which two sets of filaments could be demonstrated in striated muscle (Huxley (2) ). Very thin sections were examined at magnifications of 8,000, 12,000, and 40,000. No evidence for there being more than one type of filament was found.
The interest in the sarcoplasmic reticulum lay in the appearance of the membranes, whether they were smooth or had particles attached to them. Porter and Palade (7) in their detailed study of the sarcoplasmic reticulum of striated muscle described a reticulum free from particles. This reticulum showed a definite organization repeating with each sarcomere of the fibre. Such particles as they found lay loose in the sarcoplasm. Palade (8) had previously estimated the particles in striated muscle to be larger than in other cells and over 200 A in diameter. It has been shown for some tissues that the particles attached to the reticulum consist of ribonucleoprotein (Palade and Siekevitz, (22, 27) ). Littlefield and Keller (8 (a)) have found that ribonucleoprotein particles isolated from microsomes, were active in amino acid incorporation, thus supporting the view that these particles were concerned with protein synthesis. It was therefore proposed to examine uterine smooth muscle near the end of pregnancy while the muscle cells were still increasing in size and thus protein synthesis was still likely to be taking place. Mark in his studies on gravid rat uterus expressed the view that the membranes of some of the vesicles in the sarcoplasm of the muscle cells were of the "rough" surface type.
Materials and Methods
For this study uteri at the 23rd and 29th day of pregnancy were taken from young rabbits pregnant for the first time. In the rabbit gestation lasts 30 to 31 days. The uterus does not increase in weight during the first week of pregnancy but a great increase occurs during the 2nd and 3rd week, and continues slowly up to the end of pregnancy according to Hammond (9) . It is preferable to use young animals as the 610 
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connective tissue in the uterus increases with age (Buraek et al. (10) ).
The rabbit was killed by a blow on the head, the uterus was immediately removed and cooled in icecold isotonic KCI solution, and the endometrium was stripped off. This procedure caused extensive relaxation of the uterus, particularly noticeable if it had contracted on removal from the body.
Thin strips of circular or longitudinal muscle were cut or gently pulled from the myometrium and stretched onto glass rods, to which they were tied. The muscle was left attached to the rods for all subsequent treatment and was only taken off just before transfer to the methacrylates. Tying the stretched muscle to rods minimized distortion of myofilaments during fixation and dehydration.
The material was either fixed as soon as possible after removal from the bady (within 15 minutes) or after 3 to 4 days of glycerination to remove some of the soluble proteins; the second procedure gave a much clearer picture particularly of the filaments and the sarcoplasmic reticulum.
At the beginning of the work the tissues were fixed for different periods of time and at different pH values and in different concentrations of osmium tetroxide buffered with veronal acetate (Palade (11) ). The best results were obtained, particularly with regard to myofilaments, when the tissues were fixed at 0°C. for 4 hours in 2 per cent osmium tetroxide buffered at pH 7.0 (Fig. 10) . The tissues were then straightway dehydrated in the cold in graded ethyl alcohols starting with 70 per cent alcohol and leaving them 1 hour in each. After passing through absolute alcohol they were stained at room temperature in 1 per cent phosphotungstic acid in absolute alcohol for 8 to 12 hours. Towards the end of the staining period, the tissues were removed from the glass rods and cut into small pieces suitable for embedding, then returned to the staining solution for a few minutes, and transferred to the methacrylate (85 per cent butyl methacrylate, 15 per cent methyl methacrylate). After three changes in the plastic and one in plastic + catalyst (1 per cent benzoyl peroxide) overnight, the muscle was transferred to No. 4 gelatine capsules and polymerisation was carried out in an incubator at 48°C.
Polymerisation was most successful and rapid (24 hours) if the plastic used was kept thoroughly dried (particularly after addition of the catalyst) and the capsules during polymerisation in the incubator were kept in a desiccator over silica gel. The slightest traces of moisture even from the air caused bubbling around the specimen and incomplete po]ymerisation, the final product being too soft for proper sectioning.
In the second instance the tissues were glycerinated for 3 days at -9°C. in 45 per cent glycerol buffered with phosphate (12) . After this treatment they were washed in the cold for 5 hours in repeated changes of phosphatebuffered washing s~lution (12) . They were then fixed in 1 per cent osmium tetroxide (buffered at pH 7.0 with veronal acetate) for 3 hours at room temperature ( Fig. 2) and dehydrated as above.
The muscle was oriented by cutting sections 7 # thick and checking the orientation of the cells as far as possible with a phase contrast microscope. Thin sections 150 A thick (that is sections showing black or dark grey in reflected light (Huxley (2)) were cut on a Huxley (13) microtome. For studies on the thickness and distribution of the filaments care was taken to orient the block in such a manner that the knife edge was normal to the direction in which the filaments lay; this prevented the pushing together of the filaments during section cutting, but did not yield any additional information. Sections were collected on Smethurst-highlight copper grids coated with carbon films, and examined in a Siemens Elmiskop I. A beam current of 13 #a., an accelerating voltage of 80 kv., and a condenser aperture of 200 microns were used. Condenser 1 was set at the fifth click position from 0 on the coarse control; this gave a reasonable compromise between specimen contaminating and overheating. A molybdenum objective aperture 35 /z in diameter was employed; the astigmatism was kept below about Af = 0.2/a (3 clicks on the fine focus control). Most micrographs were taken at a magnification of 3,000, 8,000, and 12,000, further magnification being achieved by photographic enlargement of the negatives. A few pictures of filaments and particles attached to the reticulum were taken at magnifications of 40,000 and 80,-000.
OBSERVATIONS
Uterine smooth muscle, as seen with the light microscope, consists of tightly packed elongated ceils each encased in a meshwork of collagen fibres. Small bundles of these ceils are separated from each other by more or less connective tissue. The cells usually lie closely packed, and each cdl has a centrally situated ovoid nucleus.
At the beginning of pregnancy the cells are 55 to 70/z long and 3.5 to 4/z wide; at the end of pregnancy they are 103 to 135 # long and 4 to 8/a wide (Stieve (14) ), it is therefore only possible to observe small portions of any given cell in any field even at the lowest magnification possible with the electron microscope (Fig. 1) .
The Nucleus.--The nuclei are elongated ovoid bodies; frequently they are slightly or heavily indented (Fig. 8 ). These indentations are not artefacts, for the two membranes surrounding the nuclei are not interrupted at the indentations. The nuclei have a granular content ( Fig. 3) and clearly defined nucleoli. The granules are approximately 250 A in diameter. The two membranes surrounding the nuclei are of different thickness (Fig. 3) . The space between the membranes is approximately 250 A wide and contains material which is only slightly electron-scattering. The inner membrane stains very densely and appears to vary in thickness; particularly it seems to widen and merge with the nucleoplasm in regions of indentation; for the most part it is about 250 to 400 A wide. These variations in thickness may very well be the result of the membranes being sectioned obliquely and some nuclear material being attached to the inner surface of the inner membrane. The outer membrane seems uniform in width and is much thinner, only about 50 A wide. In glycerinated material the outer membrane is sometimes missing, perhaps owing to damage. As observed by Watson (15) and Porter (16) there are occasional breaks in the nuclear wall where the nuclear contents seem to be in direct contact with the surrounding cytoplasmic matrix (Fig. 3 ). At such places the outer and inner nuclear membranes appear quite undamaged and join together on each side of a very narrow gap.
The Myafilaments.--The myofilaments lie more or less parallel to each other along the long axis of the cell (Figs. 2, 4, 7). The filaments do not occur in smooth muscle in the distinct bundles, i.e. myofibrils, in which they can be found in striated muscle. They appear to occupy most of the cell's volume, except for the spaces occupied by the nucleus and its surrounding sarcoplasm ( Fig. 3) and by other elongated strips of sarcoplasm which lie scattered about the cell in an as yet unidentified pattern (Fig. 1) . The filaments lie around the nucleus, but are usually separated from it by a layer of sarcoplasm including elements of the sarcop]asmic reticulum. Occasionally the filaments seem to be in practically direct contact with the nucleus, separated from it at the most by a row of particles 250 A thick.
Thus far only one kind of filament has been found and observations made on pigeon and chicken crop and gizzard smooth muscle cells also show one type of myofilament. These findings confirm those of Gansler (3), Mark (4), and Caesar et al. (6) . The filaments are approximately 50 to 80 A thick, as Gansler observed. These figures are not in agreement with those of Mark (4) and Caesar (6) , who estimated the diameter of their filaments to be 100 to 200 A.
It is very difficult to follow the filaments for more than very short lengths for two reasons.
First, owing to their thinness and the thinness of the sections, they do not remain in the section for more than a very short distance. Secondly, again owing to their thinness, they are probably much distorted during the preparation of the specimens. Huxley (2) encountered these same difficulties with striated muscle particularly with the actin filaments in the I band where they do not receive the support of the thicker myosin filaments. No clear cross bands or bridges could be seen along the filaments; but particles up to 250 A in diameter were found lying scattered amongst them, and occasionally very dense elongated patches (Fig.  2) , These patches are irregularly distributed along the length of the filaments. They vary in size from 0.5 to 1 # long and are approximately 200 m/z wide. The few micrographs of the filaments taken at a magification of 40,000 would indicate that these patches are due to dense, heavily stained particles 250 A in diameter lying close together in these regions (Fig. 7) . Only a few micrographs were taken at high magnifications since the thinness of the filaments and their close proximity to one another made it impossible so far to cut thin enough sections to give a clear picture of filaments and further information about the patches at such magnifications.
Occasionally there is a suspicion of cross bridges particularly near the cell wall, but until the distribution of the sarcoplasmic reticulum in the cells has been worked out in more detail it will be impossible to say if such elements belong to the myofilaments or the sarcoplasmic reticulum, the membranes of which are also about 70 A thick.
The Sarcoplasm.--The elements of the endoplasmic reticulum appear concentrated around the nucleus and in two elongated regions at the nuclear poles (Fig. 8) . In the rest of the cell, they are found irregularly scattered (Fig. 1) . They occur mostly in more or less wide strips of sarcoplasm; sometimes these strips are nearly as wide as the entire cell, but sometimes they are very narrow. Some of the narrower strips appear to consist entirely of tightly packed, smooth-walled vesicles or tubules. These occur most frequently close to the cell walls (Fig. 10 ), but they also penetrate in between myofilaments. In the wider strips and around the nucleus there are, in addition to the small smooth-walled vesicles (which are not tightly packed in these wider zones), many large irregularly shaped vesicles with particles attached. These vesicles lie loosely packed in the sarcoplasm and are surrounded by the other elements of the sarcoplasm (Fig. 9) . These latter include (a)the mitochondria (Figs. 1 and 5 ) varying in size from 0.3 # to 2 /~. They can be found among closely packed myofilaments or in the sarcop]asm where they appear in long strings or as isolated bodies without any particular orientation (Figs. 1 and 5) . It is possible therefore that the great variation in their size is due to the incidence of the sections. (b) Occasional lipoid bodies (Fig. 2) . (Fig. 6) . (d) Many particles which are closely packed together (Fig. 9 ). These loose lying particles occupy many spaces between the larger vesicles. Frequently fine filaments can be seen in between the particles; these are usually lying fairly parallel to each other and they can occasionally be found to merge with the adjacent myofilaments. Besides the particles and mitochondria found among the elements of the sarcoplasmic reticulum (Fig. 9) , occasional mitochondria and some scattered particles, already mentioned, can be seen lying amongst the filaments.
The mitochondria possess the usual double membranes. There are comparatively few septa (cristae) inside them and these lie perpendicularly to the membranes. In this material owing to the method of preparation (perhaps during glycerination or the long times of fixation required to show the filaments clearly) many mitochondria are burst. The smooth-walled vesicles are about 500 to 1200 A in diameter, with walls 70 to 80 A thick. The vesicles with particles attached are bound by membranes about 70 A thick; the particles are approximately 250 A in diameter and polygonal in shape, as are also the loose lying particles and those found amongst the myofilaments. There are also in the sarcoplasm smooth membranes in the vicinity of the nucleus; these lie parallel to one another and have the shape attributed by Dalton and Felix (18) , Lacy (19) , and others to the Golgi apparatus.
Cell Membranes.--Looking at smooth muscle cells with the low power, one sees a more or less continuous membrane round each cell and occasionally double membranes (in muscle fixed fresh in buffered osmic acid). Double membranes have been observed in mouse uterus by Caesar et al. (6) and by Pantin in the smooth muscle of the sea anemone Metridium senile (personal communication). At certain points cells lying close to each other are separated only by an extremely thin network of collagen fibrils (Figs. 1 and 11) . Where the cells lie further apart, collagen fibrils running parallel or perpendicularly to the length of the cells can always be discerned.
The appearance of the cell boundaries varies considerably along the length of the cells. In some part of the cells the boundaries are not clearly visible ( Fig. l 1) ; whether myofilaments are ever continuous from one cell to another could not be established. This would be the prerequisite for supporting the view that the cells form a partial syncytium (McGill (20); Arnap (21); Mark (4). In some regions (Fig. 10 ) the boundaries of adjacent cells appear much denser and more clearly defined (as observed by Caesar (6)) and one gains the impression of a rather specific structural relationship between the two cells. The denser regions seem to consist of thin filaments or membranes and closely packed dense granules. A delicate network connects the cells and is bisected by denser material (Fig. 10) . The whole structure resembles the desmosomes in epithelial cells and the intercalated disks in cardiac muscle as shown by Fawcett and Selby (21 a) and the Region S in cardiac muscle shown by Sj6strand (21 (b)) in a paper which appeared since this work went to press. This network has only been found when two such characteristic surfaces between two ceils are apposed. The outer membrane of the cells and the network between dense regions are destroyed by glycerination, as is well shown in cross section (Fig. 12) , though localised dense regions are dearly visible in glycerinated material. The continuity of the cell boundaries is often no clearer in cross section than in longitudinal sections.
Connective Tissue.--In addition to the collagen fibrils, fibrocytes can be seen lying free in the connective tissue matrix. Also in the spaces between muscle cells were noted particles, fine filaments, occasional agglomerations of particles bound by a membrane and a few membranes with particles attached to them. All these structures may represent parts of the cytoplasmic processes of the fibrocytes.
The fibrocytes have a cytoplasm rich in small mitochondria and an endoplasmic reticulum consisting of vesicles, which have particles attached, and quite a few agglomerations of dense particles surrounded by membranes. At higher magnifications the particles of the endoplasmic reticulum can be seen to be polygonal in shape (Figs. 13 to  16 ) like those of Palade and Siekevitz (22) in the microsome fractions of pancreas.
DISCUSSION
In the smooth muscle of mammals, birds, and amphibia (Hanson and Lowy (23)) only one type of myofilament has been observed. There would seem to be much less variation in myofilament structure amongst vertebrates than Hanson and Lowy (23) or Kawaguti and Ikemoto (23 (a) and 23 (b)) have found amongst invertebrates.
It might be mentioned that although separate filaments of different size presumably representing actin and myosin filaments cannot be identified in electron micrographs of the uterus, a protein resembling skeletal muscle actomyosin has been isolated from rat, rabbit, and pig uterus (Csapo (24); Needham and Cawkwell (25)); actin has also been prepared from pig uterus (Needham and Cawkwell, personal communication) .
The thickness of the sections compared to the size and separation of the filaments makes it impossible to be certain about the presence or absence of cross bridges amongst the filaments.
So far no relationship (such as has been described by Porter and Palade (7) for striated muscle) is discernible between the sarcoplasmic reticuIum of smooth muscle and the myofilaments. Since membranes of the reticulum are of the same size as myofilaments, it is impossible to say if the particles occurring amongst the myofilaments are associated with the sarcoplasmie reticulum or have a special function connected with the myofilaments. Palade (26) and Porter (16) have shown that membranes with particles attached predominate in the reticulum of secretory cells and other cells such as fibrocytes actively synthesising proteins. Recently Palade and Siekevitz (22, 27) have shown that in liver and pancreas the particles attached to the reticulum consist of ribonucleoprotein. The muscle of pregnant uterus used in the present work was studied during a period of active protein synthesis. It is therefore likely that the particles attached to the membranes are of the same type (ribonucleoprotein particles) as those described by Palade and Siekevitz. It is difficult at this stage to discuss unattached particles, since in muscle some, at any rate, may be glycogen.
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